Abstract: The inclusion of vanadocene dichloride (VDC) and 1,1'-dimethyl vanadocene dichloride (MeVDC) into cyclodextrines (α-CD, β-CD and γ-CD) was studied by EPR spectroscopy. It was found that VDC and MeVDC with β-CD and γ-CD form true inclusion compounds, but with α-CD, VDC and MeVDC gave only fine dispersion mixtures. The inclusion was validated by anisotropic EPR spectra of solid samples. In addition, the antimicrobial behavior (against E. coli ) of each of the complexes was determined. It was established that not only did VDC and MeVDC cause elongation of E. coli, but also the new vanadocene inclusion complexes were effective in this regard.
Introduction
Metallocene dihalide complexes, (η 5 -Cp) 2 MX 2 , of early transition metals are currently undergoing intensive studies due to their biological activity [1] [2] [3] [4] . Titanocene dichloride (TDC) and vanadocene dichloride (VDC, 1) have been found to be the most active metallocene complexes in many biological experiments [5] . Inclusion compounds of cyclodextrines are known to form stable inclusion compounds with a variety of organometallics, including ferrocene and its derivatives [6] [7] [8] [9] , half-sandwich complexes of molybdenum [10, 11] and titanocene or molybdenocene dihalide complexes [12] [13] [14] . These inclusion compounds are being investigated for pharmaceutical uses owing to their ability to increase the aqueous solubility of drugs, improve oral absorption, and enhance chemical stability with respect to oxidation by air, sensitivity to light etc [15] . For the validation of inclusion compounds it is necessary to choose an appropriate experimental method. The preparation of a single-crystal, which is indispensable for X-ray structure analysis, is very difficult for these type of compounds and therefore another experimental method has to be chosen. In the case of inclusion compounds of titanocene dichloride with cyclodextrines, 1 H-NMR spectroscopy has successfully been used for verification of inclusion compounds [12] . Unfortunately, use of this method for paramagnetic substances is very limited. The aim of this work is to find a method that could be used to verify paramagnetic compounds, such as vanadocene dichloride (VDC; 1) and its ring substituted derivative, 1,1'-dimethyl vanadocene dichloride (MeVDC; 2) as inclusion cyclodextrine compounds. The combination of vanadocene molecules with various dimensions and cyclodextrines with different cavity size's gives either true inclusive complexes or only fine dispersion mixtures of starting compounds. In our previous work, we have studied paramagnetic bent metallocenes by means of electron paramagnetic resonance (EPR) and we have found that magnetic parameters are very sensitive to small changes in the surroundings of paramagnetic central metal d
1 atom V (IV) [16, 17] . In this paper, we intend to show how to distinguish true inclusion compounds from those that are just a fine dispersion of paramagnetic compound and cyclodextrine by means of EPR spectroscopy. The finding of elongation of Escherichia coli by Rosenberg at al. [18] , was the first hint to the biological activity of the inorganic platinum complexes (cisplatin) and led to the detection of pronounced antitumor effectivity against animal and human tumors. Elongation is generally interpreted as evidence that the agents are effecting cell division and DNA replication [19] .
Results and discussion
Solid samples of 3-8 were prepared by evaporation of aqueous solutions of vanadocenes 1 and 2 with appropriate cyclodextrines (α-CD, β-CD or γ-CD). These compounds were green, air stable paramagnetic powders that were soluble only in water and insoluble in the other common solvents. Isolated compounds 3-8 were characterized by the elemental analysis, IR and Raman spectroscopy and especially by the EPR spectroscopy.
The results from infrared and Raman spectra measurements evidenced the keeping of vanadocene (methylvanadocene) fragment in compounds 3-8. Particularly, the presence of η [20] .The vibra-tion spectra, however, does not give any information about inclusion. This information was obtained from anisotropic EPR spectra. The anisotropic spectra of vanadocene dichloride (1) is rhombic symmetric with a significant g-tensor and A-tensor anisotropy, that are characteristic for d 1 -metallocene dihalides (Tab. 1). The orientation of principal directions for magnetic tensors with respect to the molecular geometry according to related complexes was used [21] . The EPR parameters of compounds 1 and 2 are very similar (Tab. 1). Thus, the substitution by one methyl group on each of the Cp rings does not change the magnetic properties around the paramagnetic center of vanadium. The knowledge of the magnetic behavior of compounds 1 and 2 is important for discussion about the inclusion of vanadocene moiety into the cavity of cyclodextrine. Overall, two different patterns of EPR spectra were obtained for compounds 3-8 ( Fig. 1, 2 ). The compounds 3 (α-CD-VDC, Fig. 1 Table 1 . The observed difference's in spectrum patterns can only be explained in one way. Samples of compounds 3 and 6 have not been magnetically diluted, because they are not true inclusion compounds. The α-CD forms with vanadocene dichlorides 1 and 2 are only fine dispersion mixtures. In contrast, cyclodextrines with larger cavities (β-CD and γ-CD) produced with the vanadocene dichlorides 1 and 2, are true inclusion compounds (see scheme). The inclusion of a paramagnetic compound into the cavity of cyclodextrine causes a dilution of the paramagnetic centers. The obtained spectra have similar patterns to the EPR spectra of the frozen solutions and to the solid EPR spectra in isostructural diamagnetic matrix. Table 2 summarizes the results of microbiological studies and gives the minimum inhibitory concentrations (MIC), effective concentration as well as the relative amounts of elongated cells (in %) and maximal elongation at the most effective concentration. All studied complexes are effective in the cell division and embodies a strong inhibition of bacterial growth. From the obtained data, it can be estimated that complexes 1 and 2 are more effective than the antitumor agent TDC [22] , which has undergone clinical testing before [4, 23] . The true inclusion compounds 4, 5, 7 and 8 show similar biological activity as free vanadocene complexes 1 and 2. The minimum inhibitory concentrations (MIC) were found to be 4.5 mmol/l and the effective concentration was in the range 0.25 -1.8 mmol/l for all studied compounds. It was shown that inclusion into the cavity of cyclodextrine does not adversely influence the germicidal activity and nor probably the cytostatic activity. 
Conclusion
From EPR spectra measurements, the inclusion of bent metallocenes is essentially a steric question connected with the size of the cyclodextrine cavity and the particle included. The inclusion does not activate changes on the paramagnetic center that would manifest in differences in magnetic parameters between inclusive molecules and mechanical mixtures. A true inclusion can be unambiguously determined by means of the pattern of the anisotropic EPR spectra. Only in the case of a true inclusion does the isolation of individual paramagnetic centers occur, which leads to an EPR spectrum with characteristic hyperfine splitting of paramagnetic molecules. The results of microbiological tests with E.coli B established that the inclusion into the cyclodextrine cavity does not decrease the biological activity of the including compound. By contrast the inclusion compound may actually have its application features (e.g. solubility, stability...) enhanced by the cyclodextrine cavity. A suitable cyclodextrine molecule may also be possible to use as an inert carrier for application in the organism.
Experimental section

Methods and materials
All operations were performed under argon by using conventional Schlenk-line techniques. The solvents were purified and deoxygenated by standard methods. Water was deionised double-distilled and saturated by argon. Cyclodextrines (α-CD, β-CD, γ-CD) were obtained from Fluka and used without further purification.
Vanadocene dichloride (1) and 1,1'-dimethyl vanadocene dichloride (2) were prepared by the published methods [21, 24] and purified by anaerobic Soxhlet extraction with dichloromethane. Their purity was checked by elemental analysis, IR, Raman, EPR and UV/VIS spectroscopy. 
Antimicrobial studies
Escherichia coli strain B was used for all microbiological experiments. These bacteria were grown aerobically on a blood agar at 37C/24 hour. From this culture a suspension was prepared according to McFarland (2nd degree) in a M9 broth (15.40 g Na 2 HPO 4 .12 H 2 O, 3.00 g KH 2 PO 4 , 5.00 g NaCl, 1.00 g NH 4 Cl, 0.25 g MgSO 4 . 7H 2 O, 0.11 g CaCl 2 , 8.00 g glucose and 10.00 g casamino acids as carbon and amino source per litre of distilled water; pH=7.4) [19] and it was incubated for 18 h at 37C. The appropriate amounts of 1, 2, 4, 5, 7, 8 (c = 9 mmol/l) were dissolved in 2 ml M9 and these working solutions were then diluted with sterile media M9. Then a 100 µl bacterial suspension was added to each tube of the concentration line. After incubation (37C/24 h), the native preparations from each tube and cells were counted at a magnification of 1000x with a phase-contrast microscope. The filamentous growth was described subjectively and categorized by estimating the relative percentage of filamentous cells. The relative length of the filaments is also estimated by comparing them to a control of normal size cells.
Spectral measurements
EPR spectra were measured on ERS 221 (ZWG Berlin) apparatus in microwave X-band (∼ 9.5 GHz). The apparatus was gauged on DPPH value (g = 2.0036 ± 2) [25] . Solid samples were measured in quartz capillaries (width 0.5 mm) at room temperature. The EPR spectra obtained were computer simulated using EPR simulation software SimFonia v.1.2 (Bruker). Second-order perturbation theory for interaction of unpaired electronic spin with vanadium nuclear spin anisotropic linewidths and mixed Lorentzian/Gaussian lineshapes were used.
IR spectra were recorded at 4000 -350 cm −1 region on a Perkin-Elmer 684 using Nujol mulls between KBr windows. Raman spectra were recorded on a Bruker IFS 55 s with extension FRA 106 at 50 -3500 cm −1 .
Synthesis of compounds 3-8
All compounds (3) (4) (5) (6) (7) (8) were prepared as follows. 1.98 mmol of 1 (or of 2) was dissolved in 10 ml water. Then added gradually an equimolar amount of the appropriate cyclodextrine (α-CD, β-CD or γ-CD). The solution was stirred for ten minutes, filtered and the solvent was evaporated to dryness. 2729w, 2668w, 2348w, 1636s, 1496m, 1375vs, 1337s,  1310m, 1267m, 1213w, 1152vs, 1025vs, 949m, 938w, 854m, 831w, 796m, 760w, 739m , 701m, 605m, 580s, 523m, 484w, 453w, 402w. EPR: powder, single asymmetric peak. 2730w, 2676w, 1825w, 1649m, 1629w, 1501w, 1375vs, 1343m, 1301w,  1256w, 1248w, 1203w, 1159s, 1097m, 1076vs, 1053vs, 1031vs, 999s, 936m, 854w, 757m,  726m, 707m, 605m, 580m, 535w, 453w. 2730w, 2676w, 1649m,  1638m, 1488m, 1375vs, 1343s, 1301m, 1248w, 1152s, 1106s, 1076vs, 1025vs, 999vs, 936m,  848w, 758w, 706w, 701m, 600m, 580m, 529w, 440w .
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